3D Printed Drone Frame by Flippin, Jed
Central Washington University 
ScholarWorks@CWU 
All Undergraduate Projects Undergraduate Student Projects 
Spring 2021 
3D Printed Drone Frame 
Jed Flippin 
Central Washington University, flippinj@cwu.edu 
Follow this and additional works at: https://digitalcommons.cwu.edu/undergradproj 
 Part of the Mechanical Engineering Commons 
Recommended Citation 
Flippin, Jed, "3D Printed Drone Frame" (2021). All Undergraduate Projects. 155. 
https://digitalcommons.cwu.edu/undergradproj/155 
This Undergraduate Project is brought to you for free and open access by the Undergraduate Student Projects at 
ScholarWorks@CWU. It has been accepted for inclusion in All Undergraduate Projects by an authorized 
administrator of ScholarWorks@CWU. For more information, please contact scholarworks@cwu.edu. 

















3D printers have dropped in price to the point that an average consumer can purchase 
one. Accompanying this rise in home 3D printing is a relatively new sport known as 
drone racing. This sport involves racing drones through a predetermined course at high 
speed, which inevitably results in a high crash rate. This project is about building a 3D 
printed drone frame that is strong enough to survive minor crashes but can be easily and 
cheaply replaced after major crashes. The frame is made of PLA+ filament using an 
Ender 3 printer. Each arm is individually mounted for easy replacement, while the main 
frame is bolted together to protect the vital electronics. Filament was printed at 100% 
infill to improve strength and reduce vibration input from the motors. The device was 
tested using the official drone racing time trial course and rule book. It was compared to 
other pre-built drone times with the goal of being within 15% of the average time. 
Accompanying the speed test was a durability test versus common obstacles at 25% 
throttle. The 3D printed frame was expected to stand up to triple the crashes that a 
commercial frame of the same size and weight could withstand before complete frame 
failure. The printed frame met this condition while remaining under the cost of an 
average pre-built drone frame worth $25. 
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First-person view drone racing has taken off in the past couple of years as an interesting sport 
and hobby. In these races, pilots fly their drones through a pre-determined course while being 
timed. These time trails allow people from all over the world to compete against one another. 
One issue that arises while racing is the crashing and destruction of expensive drones.  To 
combat this issue, drone operators have turned to 3D printing frames in order to have quick 
and cheap replacements. These 3D printed frames compete in the same divisions as purpose-




This project was motivated by the need for a drone frame that was cheap to manufacture 
and replace, while remaining agile and relatively durable when compared to its purpose-




A 3D printed frame for a drone that can reach a competitive speed and navigate a racecourse. 





The design requirements are as follows: 
1. The drone must be able to reach a speed of 10miles per hour.  
2. All parts must be under 220mm wide in order to fit on the Ender 3 printing bed.  
3. Drones must have four electric motors that are no more than 35mm in diameter. 
4. All electronics must fit inside the footprint of the drone. 
5. The drone must be able to fly in every direction. 
6. Flight must be done with FPV racing googles connected to the on-board camera. 
7. Drones will not be flown over 400 feet into the air, as passing this barrier can 
interfere with airspace safety. 
8. The drone must be able to crash into the ground at 25% speed and stay operational. 





This project will test several aspects of being an engineer such as statics, mechanics, and 
dynamics. A design must be created, and force diagrams used in order to test the viability of the 
design. Compromises must be made to save weight, and new ideas used for durability. Thinking 
like an engineer is necessary to have success in this endeavor. 
 
Scope of Effort 
 
The primary focus of this project is the design for the 3D printed frame according to the 
requirements. Along with this design comes the manufacturing and assembly of said frame. 
Secondarily, the acquisition and assembly of the electronic components of the drone in order to 
fully test the 3D printed frame’s function during testing.  
 
Success Criteria 
The drone flies at least 10mph, completes the course, and recovers after a crash. The frame 
comes in under the cost of other FPV frames. The frame parts are easily swapped when broken.  
 
 
2. DESIGN & ANALYSIS 
Approach: Proposed Solution 
The proposed solution came about when observing the advancements in 3D printing. 
Seeing a cheap and durable frame that is easily manipulated made sense for a small drone. As 
for movement, premade motors are the best option. Premade motors are able to be ordered 
from amazon and installed with relative ease.  
 
Design Description 
.   The drone deign is a standard 4 rotor quadcopter. This will aid in the building of the 
drone, along with making its stable in flight. The frame is 3D printed out of PLA filament with a 
top base installed to protect the flight control board. 




The benchmark will be the Ruko U11 FPV Drone. These are fairly common drones and 
are close to the same price as the drone being built.  
 
Performance Predictions 
 Initial predictions are that it will be able to fly in every direction, but not be as agile as 
the Ruko U11. The drone will surpass the 10mph speed, most likely doubling it. It will survive 
the 25% throttle crash but will need an arm replaced after the second crash.  
 
Description of Analysis 
 The first analysis in Appendix A-1 is on the arms for the motors. The motors must be far 
enough to not have interference with each other (11cm), but also provide adequate lift. The 
drone must also stay as light weight as possible to fly more efficiently. For the motors to have 
room to mount, a 3cm by 1cm thick arm is the smallest that can be used. This analysis will see if 
that size of arm will stand up to the force of the engine.  
 The second analysis in Appendix A-2 is focused hole pattern on the arm for mounting 
the motors. The motors have a set bolt size and pattern that must be accounted for on the 
drone arm. The stress concentration will be found for the holes, which will determine if the 
drone arm needs added material. 
 The third analysis in Appendix A-3 involves the cost of the chassis of the drone. For the 
drone to be cheaper than a pre-built frame, it must use under 1Kg of filament per drone. The 
biggest part was analyzed at 100% infill at 44g of filament. This was then multiplied by the 
number of parts to give a safety factor for slightly messed up parts. With 9 parts in total, the 
most a drone could take up would be 400g of filament which means over 2 frames can be 
printed per role. Meaning the PLA chosen will work.  
 The fourth analysis in Appendix A-4 is taking the force of all motors and checking if they 
have enough power to lift the drone. Assuming it has enough power, the left-over force is 
calculated to see how much energy there is to be used for speed. More efficient motors will be 
needed if the force is not met.  
 The fifth analysis in Appendix A-5 is the run time of the drone. This must be calculated 
to make sure the drone will be able to complete the time trial courses. Each time trial can take 
up to 3 min to complete. It is important that it can run at least 5 attempts before a recharge is 
needed. More efficient motor, or a larger battery will have to be installed if this is not met.  
 The sixth analysis in Appendix A-6 is the battery mount. This mount has to hold the 
battery in place so that the drone can continue to have power. This mount needs to be light 
and easy to interface with as changing batteries is a common occurrence. For this, simple 
rubber bands should accomplish the goal.  
 The seventh analysis in Appendix A-7 is focused on the offsets that will be used between 
the upper and lower halves of the drone. These will be M3x40mm as that will provide room for 
the electronics and interface with the bolts holding the drone together. However, being printed 
in PLA, analysis are being done to see if the forces acting on the drone have the potential to 
snap offsets.  
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 The eight analysis in Appendix A-8 brings the transmitter for the drone into question. In 
order to fly the time trial course, the drone must be able to fly several hundred yards while 
staying in signal range. The transmitter that was selected is light weight and cheap but must be 
tested to see if it will meet the distance criteria.  
 The ninth analysis in Appendix A-9 is used to determine if the propellers for the drone 
can be printed in PLA. The normal forces on the propeller are low enough that PLA will work 
just fine. However, with the durability test, a crash with PLA propellers needs to be analyzed.  
 The tenth analysis in Appendix A-10 brings vibration into the equation. Electronics can 
suffer greatly from constant vibration as the connections can be destroyed. A dampening 
device must be added in order to solve this, however it must not deform and loose its 
dampening properties.  
 The eleventh analysis in Appendix A-11 focuses on the interaction between the 
propellers and the base of the drone. The size of the propellers will be determined by the gap 
created by the arm at a 15 degree angle.  
 The twelfth analysis in Appendix A-12 is used to determine if the PLA arms of the drone 
will stand up to the heat of electric motors. The motors will be ran at the upper end of their 
power range in order to get the most performance out of them, however this will cause more 
heat.  
 
Scope of Testing and Evaluation 
The testing will include a preflight check consisting of basic criteria such as size and electronic 
placement. A flight test will check for movement and speed. The crash test will test the 






i. Analysis 1 
The moment and shear force graphs showed that the 11cm cantilever arm can be made out 
of PLA and not snap at the fixture point A. Using the flexural stiffness formula it is shown 
that the 3cm by 1 cm thick PLA beam will not deform under the load of the motors while in 
flight.  
 
ii. Analysis 2 
The stress concentration value if the motor was held by one bolt is 46 MPa. This is very 
close to the yield strength of PLA plastic; however, the load is spread between the four bolt 
holes that make up the pattern. This drops the load to just over 11 MPa which is strong 
enough to hold the motor with a generous safety factor.  
 
iii. Analysis 3 
The PLA frame was more than able to be printed under 1Kg of filament. This means more 
filament could be added to strengthen the frame moving forward if crashes somehow cause 
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more damage than initially thought. Overall it means the frame is still meeting the cheap 
requirement.  
 
iv. Analysis 4 
The four motors are more than capable of lifting the drone off the ground. There will be an 
extra 38 Newtons of force that will be used for flight maneuvers and speed. This should 
grant the speeds exceeding 20mph. 
 
v. Analysis 5 
The run time of the battery came out to just over 40 min of flight time. This should be 
enough to run almost 10 time trials. This extended time is very useful, however if weight 
needs to be saved, a smaller battery can be added though it is not recommended.  
 
vi. Analysis 6 
The rubbers bands that were chose were size 64. Upon further research, it has been 
determined that the bands have a .94 band/gram ratio. This is very low and will cause an 
excessive amount of rubber bands to be used. In its place, a Velcro strap capable of holding 
10 pounds will be used.  
 
vii. Analysis 7 
The PLA has a yield strength of 15,00 PSI. Nylon, the common building material for 
standoffs, has a yield strength of 20,000 PSI. This makes PLA 25% weaker than nylon. This 
turns out to not matter as the standoffs are going to experience less than 100 PSI of force 
when all of the parts are added to the drone.  
 
viii. Analysis 8 
Using the transmitter equation, the range of the transmitter can be found. This is not an 
impressive transmitter, but with a decent battery it should be capable of almost 300 yds of 
range. This is more than enough for the time trials.  
 
ix. Analysis 9 
The strength of the propellers is calculated as they are the smallest attachment point. The 
cross-sectional area at this point is only .15 cm^2. With at least 1.5 joules of energy coming 
from a crash at 10mph. The propellers would be destroyed with .1 newtons. The propellers 
will now be made out of PETG to handle the force.  
 
x. Analysis 10 
A force of 150 grams max is going to push down onto the dampening device situated 
underneath the flight controller. Rubber will not deform until over 5 MPa of force, meaning 
rubber gromets are the perfect lightweight dampening solution for the flight controller on 
the drone. These can also be used for the FPV camera.  
 
xi. Analysis 11 
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The length of the arm is 10cm. 3 cm of this is underneath the base, while another cm is past 
the rotor. This leaves 6cm between the shaft and base. Accounting for the 15-degree angle, 
this is lowered to 5.75 cm. The chosen propellers are 5 cm, so that will fit within the 
confines of the drone.  
 
xii. Analysis 12 
The max output of high temp electric motors can be in the range of 150 to 170 degrees 
Fahrenheit. This is roughly 80 degrees centigrade. PLA does not melt until 130 degrees 
centigrade, meaning PLA will work with an added safety factor.  
 
Device: Parts, Shapes, and Conformation 
Shapes and part styles were heavily influenced by already existing drones, as a lot of 
engineering has gone into those parts already. All parts were built to withstand a high at 75% 
throttle, giving a safety factor of 25%. There is no danger if a part breaks, and PLA filament is 
cheap, so a higher safety factor is not needed. The only part that was upgraded from standard 
PLA was the propellers as those take a higher amount of abuse when a crash occurs. The 
tightest tolerance that can be used on the creality 3D printer is .02in, so tolerances were set at 
that as the time it takes to print is less important when its automated.  
 
Device Assembly 
The 3D printed frame gives the drone operators the ability to crash, and not be out of a lot of 
money, or time. The printed frame is cheap to produce and replace, meaning risky maneuvers 
become less risky. With the removable arms, and removable basses, airframe fatigue becomes 
a null issue. 
 
Technical Risk Analysis 
Some potential risks are vibrations in the 3D printed frame may cause the drone to handle 
poorly. There is also the possibility of faulty prints, meaning prints with bad plastic cohesion, 
could cause the airframe to break apart. On the electronics side, FPV drones can be difficult to 
fly and can take lots of practice to be good at.  
 
Failure Mode Analysis 
PLA was chosen for the drone frame, because it was a good balance of ductile vs brittle. The 
dynamic loading of a drone in flight was taken into consideration while determining the 
thickness of the arms and attachment points. While it is unlikely that bolts will shear in a plastic 
drone, the bolts may elongate the wholes if wear occurs. The heat of the motors were taken 
into consideration, however PLA’s melting point is much higher than the motor temp can reach.  
 
Operation Limits and Safety 
The drone must not fly over 400ft high, as this becomes a FAA violation and can interfere with 
air traffic. Great care must be taken when flying a drone, as running into people or things can 
cause harm.  
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3. METHODS & CONSTRUCTION 
Methods 
This project solution was born, worked through, and built at home due to the Covid-19 
situation. Quality assistance and guidance was provided by the CWU professors. Constraints of 
the CWU project accompanied by the global pandemic required parts to be made on a personal 
3D printer. For none printed parts, they will be ordered online. The electronics will be soldered 
using a soldering iron station at the Student Union and Recreation Building on the campus of 
Central Washington University.  Partial assembly will take place there, along with the possibility 
of indoor flight for the crash tests. All other assembly will be happening at home, along with all 
necessary programming.  
 
During the design stage of the project, engineering analyses were conducted using 
free body diagrams, moments and forces about points, shear and moment analyses, 
transmitter distance equation, trigonometry, energy consumption equation, and maximum 
stress. 
 
i. Process Decisions 
Selecting the type of material will affect many aspects of the print. Such as weight, 
strength, and printing temperature. PLA, PETG, and Nylon are a few popular 3D 
printing filaments. PLA is the cheapest of the three and has advantageous 
mechanical properties when it comes to a rigid frame. PETG is stronger than PLA, 
however it is more expensive and harder to print which could affect the long base 
prints of the frame. The one exception to this is the propellers, which were shown to 
be too brittle when printed in PLA (Analysis 9), will be printed in PETG. Nylon is the 
most expensive of the three, however it is by far the strongest. It is difficult to print 
with and would most likely turn out worse and more expensive than its premade 
drone frame counterparts. Refer to Appendix F-1 for decision matrix spreadsheet.3D 
printing was not made specifically for drone flight, so for the bolts, motors, and 
electronics, drone specific models were chosen so that the flight programming is 
guaranteed to work verses repurposing other electronics.  
 
A major aspect of the design is that all parts must be 3D printed. With this comes a 
choice in the support style and infill percentage of the parts. The standard support 
style offers good performance at the cost of slow printing times. The tree style of 
supports will print faster, however are more useful for prints on angles. This drone 
does not have this type of architecture, so standard supports were chosen. For infill, 
a lesser percentage like 30% would make the part lighter, quicker to print, and 
cheaper. The down sides being, it is less durable and could have issues with some 
prints. A medium infill of 70% will retain some lightweight characteristics but will still 
take a while to print when compared to the lesser 30% infill. A 100% infill would 
weigh the most, however the parts are small enough that less infill does not save 
enough weight relative to its strength decrease. The time it takes to print is not as 
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important, as the printer can run overnight. With this information, all parts will be 
printed at 100% infill. Refer to Appendix F-2 for decision matrix spreadsheet. 
 
Most drone racing builds require a FPV setup. This first-person view set up allows 
the pilot to have far more control of the drone during racing as they get to see 
exactly what is in front of the drone. However, this comes with several added costs 
including cameras, transmitters, and googles. The FPV setup was deemed necessary 
as every drone competing in the race has had such a set up. Along with flight 
tutorials using this set up. To accomplish this for the 3D printed drone, a build plate 
was design to hold a small camera at the front of the drone. The camera is then 
wired into the PDB for power and has signal sent to a transmitter on the rear of the 
drone. The transmitter sends a video signal to a pair of googles that has a screen in 
them. Similar to VR, these googles give a completely drone focused view to the pilot.  
 
ii. Issues and Solutions 
The purchased components were initially designed to run on a PPM frequency. This 
is an older frequency but was listed as compatible with all components. This later 
proved to be an issue as the transmitter would not communicate with the flight 
controller though both were configured correctly. To solve this issue, a newer 
receiver was purchased that runs the IBUS frequency. IBUS is a newer serial 
frequency that has proven to be more responsive than the PPM frequency. With the 






This project is made up of two types of parts. The 3D printed frame and the electronics. There 
are seven types of 3D printed parts including arms, two types of bases, arm supports, FPV 
camera base, and standoffs. All 3D parts are made in house. The electronics consist of motors, 
flight controllers, transmitters, receivers, FPV camera, FPV googles, and remote control. All 
electronics were ordered online. All 3D printed parts will be assembled before electronics will 
be added.  
 
ii. Drawing Tree, Drawing ID’s 
The drone was built and assembled in accordance to the parts listed in Appendix B. Figure B-1 
shows the drawing tree and relevant assembly.  
 
iii. Parts  
There are two groups for the parts of the drone, the 3D printed parts and the purchased parts. 
Appendix C shows the list of parts, parts 20-001 through 20-006 are all printed parts. These 
parts can also be seen in Appendix B-2,3,5,6. These parts need only deburring once printed. The 
second group is the electronics. Appendix C part numbers, 55-001 through 55-007 with the 
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motors being shown in Appendix B-4. The electronics will need solder and programming when 
installed. The final subgroup is fasteners, shown in Appendix C parts 50-001 through 50-003, 
these are all store bought and will need no further modification.  
 
iv. Manufacturing Issues 
3D printing can be a frustrating process. Parts can be ruined if the wrong settings are used, 
parts also need supports depending on the type of feature. Ambient temperature can also 
influence the print quality. If the temperature swings too much during a print, the levels will not 
mesh correctly causing the print to break apart prematurely. However, once the settings are 
found for the specific printing material being used; prints will come out smooth. When 
switching filament types, temperature will most likely have to be altered. Tool paths should 
have little to no change between filaments. Minor cleanup will always be needed such as 
deburring.  
 
v. Discussion of Assembly 
The lower base will be printed first as it will hold the entire frame together. The arms will then 
be printed and assembled using the purchased hardware. This will give the footprint of the 
drone. Next, the spacers, upper base, and FPV plate will be printed an installed. The spacers 
and upper base will give protection to the electronics when a crash occurs. The FPV plate will 
have rubber dampeners installed in order to minimize vibrations transmitted into the camera 
view.  
 
With the frame assembled, the motors will be mounted on the tips of each arm by four screws. 
The four-esc modulus will be mounted further up on the arm in the trough and secured by zip 
ties. The wires for the motor will be soldered into the esc, with the wires from the esc being 
soldered in the PDB and flight controller. Both the PDB and flight controller are mounted via 
standoffs in the middle of the drone. The transmitter will be connected to the top base in order 
to send signal to the remote control. The transmitter will be also be soldered into the PDB and 
flight controller. The FPV camera will be mounted on the FPV plate and connected to the 
transmitter through the flight controller to give the pilot the ability to see while flying. The 
battery will be mounted on top of the drone with the lead for the PDB coming down from the 
rear of the drone. The battery will be held in with Velcro straps.  
 
During construction, it was discovered that the purchased PDB board was not compatible with 
the purchased flight controller. The PDB board was not meant for the 7-pin connecter that the 
newer flight controller had installed. A new PDB was ordered with the correct connector. This 
PDB is from the same manufacturer as the flight controller and should have no issue connecting 
to the flight controller. This specific setup is sometimes called a “stack” or and “all in one”. In 
theory, it will make not only the assembly easier, but the flight characteristics of the drone 
more responsive to user input. No redesign of any parts is necessary as the “stack” sits on 
included standoffs on top of the PDB.  
 
Along with the PBD board, the receiver selected would not able to talk to the flight controller in 
the predetermined PPM signal. To fix this, a new frequency had to be chosen. IBUS was 
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selected due to the improvement in handling and the cheap receiver. The new receiver was 
routed into the drone the same way as the previous one. The IBUS switch fixed the connection 
issue and made for a very responsive quad.   
 
 
All 3D printed parts are connected with fasteners. These fasteners are also used to attach the 
mother board and motors to the drone. The other electronics including the battery will be 
attached using a variety of methods including adhesive, zip ties, and Velcro strips. Compared to 






There are two main categories that the drone will be tested on, flight and durability. For flight, 
the drone must be able to reach a speed of 10miles per hour, all electronics must fit inside the 
footprint of the drone, the drone must be able to fly in every direction, and the flight must be 
done with FPV racing googles connected to the on-board camera. With systems working, the 
drone flies the official FPV drone time trial course. For durability, the drone must be able to 
crash into the ground at 25% speed and stay operational and the drone will not be flown over 
400 feet into the air, as passing this barrier can interfere with airspace safety. 
 
Method/Approach 
The preflight check involved looking for a completed drone, meaning the parts were under 
220mm wide as it must have come for the 3D printer. Motors are counted and measured to 
ensure compliance. Electronics are examined with a multimeter to make sure that there are no 
shorts, and everything is getting power. All wires are routed cleanly and tied off where 
necessary. Battery is strapped down to keep it in place during flight. Drone is powered on and 
the start tone is listened for before further tests. Basic flight in every direction, including 
clockwise and counterclockwise rotation, is used for agility conformation. The googles are 
turned on and switched to the correct channel to check connectivity with the camera on the 
drone. A Local landmark is used as the basis for 400 feet, so that the drone will stay under the 
height limit. The speed was gathered with use of a speed gun. With all systems working, the 
drone is flown through the official FPV drone time trial course five times to get an average of 
the speed the drone is capable of in a dynamic situation. Next, a crash occurs at 25% throttle 
into a tree. All systems are checked on the drone to see if any replacements are needed. A post-




All hardware specs are tested before the first flight. The initial flight is used to test the 
connectivity to the transmitter and that the drone will stay air born. Once passed, basic 
movement is tested via the first test flight check list. In the test, each direction is independently 
tested along with the landing and takeoff arm switch.  The drone rotates counterclockwise and 
clockwise completely to test the agility. A pair of goggles are connected to the onboard video 
transmitter. This test is also used to check the goggle connection. When basic function check is 
complete, a 400-foot landmark was found and used as the upper limit to the fight height. With 
this precaution taken, the speed test is done in an open field away from any potential human 
danger. The original method for speed test was to use a speed gun. During the tests, the speed 
gun would not give accurate readings during flight. To solve this issue, two poles were set up 
exactly 3 feet apart from each other. A camera is then set up to video the drone flying between 
the two poles. The video is then analyzed to get the flight time. The distance is then divided by 
the time to get the speed of the flight. Once the speed is recorded, the time trial starts. The 
drone is flown in the official FPV time trial course 5 times. The average time is then recorded. 
Next the durability is tested. A tree is used for the crash medium. The drone is flown directly 
into the tree at 25% throttle. Once the drone survives the crash, a full run down will commence 
to check all aspects of the drone. When the drone passes the check, it will then take off and do 
another flight check to verify that all systems are still working. For a step by step guide to 
testing procedure, refer to Appendix G.  
 
Deliverables 
Three forms accompanied by video and photographic evidence make of the deliverables of this 
test report. A pre-flight check form was created for all hardware specs, such as size, weight, and 
power. A function test form was created for initial functions such as, throttle response, yaw and 
pitch response, and FPV function. A performance test form was created for speed, time, and 
durability tests. Pre-flight and function forms will only be used once unless parts are replaced. 
The performance tests will be run at least three times each for broader range of data.  All 





The parts list for this project is listed in Appendix D, while the cost for each part is in 
Appendix C. The drone frame is made from 1kg of PLA filament purchased form 
Amazon.com. It was printed on Creality Ender 3 printer, also purchased form Amazon.com. 
Almost half of the cost was taken by the remote controller and FPV setup. While the FPV 
setup is not necessary for achieving flight, it is a vital part of racing the drone. The 
electronics purchased are the most cost effective that could be found, however there is 
some budget left to purchase replacements if faults come up when wiring said electronics. 
The electronics were ordered from amazon as they gave, they best shipping time. This 
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fixation on shipping time did bump the cost of some electronics. While this did cost a little 
more money, all electronics did arrive mid-January. This is slightly later than in the proposal, 
however that can be attributed to items being out of stop for the holiday season.  
 
With all parts being obtained, assembly began earlier than planned. This allowed time for 
practicing soldering and understanding wiring guides. During this phase, it was found that 
the power distribution board purchased would not connect to the flight controller. The PDB 
was returned and a different one purchased that would talk to the flight controller. This new 
PDB was 10 dollars more expensive, but still under budget. With the drone put together, 
coding began along with radio and FPV checks. Initially, the drone would not talk to the 
radio receiver. Eventually it was found that the older style of transmitter would not talk to the 
IBUS in the receiver. The receiver was returned and a new one purchased, still under 
budget. All other assemblies were complete with no extra cost. 
 
During testing, the drone was able to complete all tasks with no issues. Extra parts were 
printed before hand for time repair tests. The extra parts were printed using PLA+ and cost 
roughly 5 dollars. This amount of money is well under budget. An extra battery was 
purchased for longer test durations, this was factored into the budget. All other testing 
procedures and equipment had no additional costs.  
 
Outsourcing 
All 3D printed parts are made in house on the Creality Ender 3 printer. All parts are ordered 
online, then assemble and programmed in house. There is no manufacturing or assembly 
outsourcing at this time. 
 
Labor 
The actual printing of the drone frame does not take man hours as the printer will run on its 
own. The modeling of the frame, and the subsequent assembly however are estimated at 
$15 an hour. The entire project is manufactured in house, so the cost estimation is what it 
would cost a third party to do.  
 
Estimated Total Project Cost 
Total cost is estimated at $350 dollars for parts, labor, and shipping. This number does not 
account for the purchase of the Creality Ender 3 as it was purchased prior to this project. 
Actual cost was less at around $300 dollars with tax. Shipping was not included as free 
shipping was obtained for all parts. The design changes were unrelated to the electronics in 
the drone. Due to the nature of the 3D printed frame, any changes made were met with 
negligible costs.  
 
Funding Source 






The Gantt chart for this project is located in Appendix E. The majority of the fall of 2020 was 
focused on the design, analysis, and report for the 3D printed frame. Specifically, the proposal 
overall took slightly under 40 hours to complete. The proposal started on time, however got 
slightly behind but ended on time. The analysis brought up in the proposal took over 10 hours 
to complete. Due to scheduling issues, the analysis was behind for a majority of the quarter but 
were turned in on time. The documentation to roughly 20 hours to complete. This 
documentation includes all part drawings and assemblies. This was also behind most of the 
quarter but was turned in with the proposal on time.  
 
Construction 
Early prototyping began at the end of fall quarter and continued into the first two weeks of 
winter quarter. This time was used to try different print setting such as temperature, layer 
height, and density. With the prototyping complete, weeks 3-6 were spent printing the frame 
itself. While the total actual print time for the drone is less than 2 days, the print was spaced 
out as to make sure each component would interface with the electronics. All electronics were 
purchased on week 4-5 and took roughly 1 a week to be delivered. The electronics were 
soldered and test fit in weeks 6-8. The soldering took roughly 10 hours as the operation is still 
unfamiliar. Due to the wrong PDB board being received, the soldering had to be redone for the 
new PDB board. This added another 6 hours as soldering was more familiar.  
 
Test fitting took several hours as the wires had to be routed neatly in order to not interfere 
with the propellers. Many zip ties were used in order to achieve safe cable route to all the 
necessary electronic components. At this point the initial test flights were scheduled to take 
place. This did not happen as the receiver selected was not able to talk to the flight controller in 
the predetermined PPM signal. In 4 days a new IBUS receiver was received and routed into the 
drone. The IBUS switch fixed the talking issue and resulted in a week delay. Test flights began 
on the last week of the quarter. Once the basic functions of the drone were confirmed. The rest 
of the quarter was spent becoming proficient in the flight characteristics of the drone. 
However, the drone was not pushed to hard as it needed to be working for the final inspection 
of winter quarter.   
 
Testing 
Testing began at the beginning of spring quarter and lasted the entire quarter. Total time is was 
roughly 165 hours. There was an accident well above the 25% throttle test that caused an arm 
to break, this however was not a significant delay as the drone was repaired in less than half an 
hour. The new arm took about 2 hours to print. Several tests were pushed off the different days 
as the wind in Ellensburg can get extremely high. This high wind caused the drone to be even 
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more difficult to fly and have less flight time as there was more power consumption. Overall, 
the testing phase went to plan besides a few minor setbacks.  
 
7. Project Management 
 
Human Resources 
The professors at Central Washington University are a wealth of knowledge. During this project, 
the professors gave constant feedback on all aspects of engineering and the proposal. With the 
current Covid-19 situation, online resources became extremely valuable. The youtuber Matt 
Pochwat, will be referenced for the electronic portions of FPV drones. For guidance while 
soldering components, a close friend Drew Carter was consulted. Once the drone was built, the 
learning curve of flying commenced. Joshua Bardwell on YouTube was a great resource to not 
only program the drone, but also learn tips and tricks for flying.  
 
Physical Resources 
The Creality Ender 3 3D printer is the workhorse for this project. It will be printing all parts of 
the frame with PLA filament. A soldering iron will also be used to assemble the necessary 
electronics for the drone. Basic hand tools such as a Dremel, drill, and Allen key set will also be 
used in the assembly of the drone.  Calipers, and stopwatch, and a speed gun will be used in the 
testing portion of this project. 
 
Soft Resources 
The primary soft resource was the SolidWorks modeling software that is provided to CWU to 
students. YouTube is also great resource and was used for 3D printing techniques and repairs. 
Along with the manufacturing, YouTube will be used to learn drone flight techniques and 
electronics settings for FPV flight.  
 
Financial Resources 
There is no financial sponsor for this project besides the student.  
 
Risk 
The main risk in this project is for the drone to crash into a person or thing. To mitigate this risk, 
all flights will take place in open areas with small chance of human interaction. The drone has 
been equipped with a kill switch in case a runaway occurs. Along with this kill switch, the drone 





The initial design began with a lot of research into the world of FPV drone racing and 
subsequently 3D printing. When a base outline of what the drone frame needs to accomplish 
was gathered, these needs were made into requirements that could be pushed into the 3D 
printing realm. The first hurdle was to find which type of filament would work best for the 
drone application. PLA was chosen for it being low cost and light weight. However, as analysis 
continued the PLA failed when used in a propeller application. The propeller filament was 
switched to PETG to maintain durability.   
 
An important design feature is the ability to change out broken parts quickly and cheaply. The 
most common broken part on a drone is the propellers and arms. On the 3D printed frame, 
propellers are easily switch with just one bolt. The arms sit in a pocket made in the frame. This 
pocket allows for the use of only two bolts to hold the arms in place. This allows the arms to be 
switched easily when combined with Velcro straps for the accompanying electronics attached 
to the arm.  
 
Another design requirement is for the drone to achieve 10mph. This is easily done with the use 
of 4 BR2204 motors running at 2000 rpm. These motors are compact and light weight making 
them very well suited to the 3D printed arms of this drone. They are held in by four bolts, 
mounted through the arm. This mounting arrangement allows for quick removal to another 
pre-printed arm in the case of a crash. Hooked up to the motors are 5 inch, three bladed 
propellers. These propellers are the maximum size for the frame of the quadcopter. They very 
narrowly miss each other created a larger surface area to create lift. Many drones have 2, 4, 
and even 6 bladed propellers. While all styles have their pluses and minuses, the 3 bladed 
design is a good combination of agility and strength. While a 6 bladed quad has immense 
agility, the contact area with the hub of the propeller is extremely small leading to easy 
breakage.  
 
Durability is an important design feature for a 3D printed drone. To increase durability of the 
electronics, specifically the FPV camera, dampeners were added to the underside of the FPV 
plate. These dampeners reduce the vibration transmitted to the FPV camera during flight. Not 
only does this provide a clearer imaged to the pilot but will increase the lifespan of the FPV 
camera significantly.  
 
Construction 
Construction began with leveling the Creality Ender 3 to make sure all prints would have good 
contact between the layer heights. The first prototype arm was printed with 30% infill. While this 
was a much faster print than 100% infill, it was far too week to withstand a crash. All subsequent 
prints were set to at 100% infill. An initial temperature of 240 degrees F was used, however with 
further research, 260 degrees F created a better flow. With the new prints going together as 
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planned, the full frame was printed and ready to be assembled. Overall printing time varied 
between parts, but on average was around 30 minutes to 5 hours. All hardware was purchased, 
and the frame was assembled. Assembly went smoothly once all parts were deburred. This part 
of assembly also checked off the first requirement, being that all parts had to be able to fit on the 
3D printed. The drone past the first test as the drone was able to be fully printed on the Ender 3. 
Electronics were ordered and the manufactures schematic was used to begin soldering together. 
The flight controller was connected to the ESC along with the power distribution bored. The 
ESCs were attached on each arm strut and to the motor on said arm. The camera was attached 
directly to the FPV transmitter along with the PDB. Once connected, cable management was 
achieved with zip ties and Velcro. The battery was charged and connected on the top of the 
drone. This also completed the second and third requirements of the drone, those being all 
electronics fit into the drone as well as having 220 rated motors. With everything in place, all the 
software was uploaded to the flight controller.  
An issue arose when the flight receiver was connected to the flight controller. This specific flight 
controller has a selection board that had to be soldered in order to pick the type of signal being 
used by the flight receiver. The flight transmitters selected for this project was an older model, so 
a PPM signal was chosen, and the selection pad soldered. The flight controller would not receive 
this signal for an unknown reason.  Due to this issue, a newer flight transmitter was selected that 
could use the IBUS frequency. The flight controller selection pad did not have to be resoldered 
as the chosen connecter was both PPM and IBUS compatible. With a new flight receiver and 
transmitter connected through IBUS, the flight controller was able to connect. This connection 
allowed the programming of the drone through Betalight to continue.  
After construction was complete, the drone needed to be programed in Betaflight. This consisted 
of hooking up the drone through a USB port and connecting the flight controller to the Betaflight 
configurator. Firmware for the drone had to be flashed onto the flight controller before setting up 
could continue. Once flashed, the receiver was configured to read the serial pad on the flight 
controller. This allowed the IBUS receiver to talk to the flight controller. All setting thereafter 
were turned low in order to facilitate an easier first flying experience. This setting will gradually 
be raised as the competency of the pilot increases.   
 
Testing 
Testing began once construction was complete. The first test was a pre-flight check with a form 
in order to maintain all the necessary data. The drone passed all pre-flight check areas. A 
function test form was used to document the aerial function of the drone. The drone was able 
to move freely in all directions and maintain connection with the FPV goggles. Racing drones 
are not like cinema drones, as they cannot hover in one place. They lack the GPS function, 
meaning it is harder to get smooth flight for beginner pilots. There is also no altitude maintain 
feature, meaning the drone needs constant tuning during flight. While these features are very 
useful to seasoned drone racing pilots, they are a hurdle for new pilots.  
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Now that the drone was air worthy, a race form was used to document the performance of the 
drone during the time trial run. The form included air speed and overall time along with a 
section for handling characteristics. The drone was slower than the times that were meant to 
be achieved. This was due to lack of pilot ability rather than drone speed.  The pilot was never 
able to control the drone at more than 75% throttle. This was due to the extremely sensitive 
controls that a racing drone has. Steps were taken to tune down the drone, but even at the 
lowest settings, the drone is difficult. The final test was a durability test where the pilot flew the 
drone into a tree at 25% throttle. The drone frame was completely fine. The only damage taken 
was to a propeller that was easily swapped. Several videos were taken along with photographic 





The 3D printed drone frame has been designed, analyzed, and tested to meet all function 
requirements presented. All 3D printed parts have been designed and manufactured to the 
specified design. All parts will be tested to withstand normal flight and crash conditions. 
Electronics were procured that will meet or exceed the specified range and flight requirements. 
3D printed parts were printed cheaper than a purpose-built frame, while retaining the ability to 
have replacement parts that are easily swapped.  
 
The design has been upgraded with the used of an IBUS receiver and system rather than the 
slower PPM providing a better test platform. The addition of Velcro straps allows quick 
switching of electronics if the case of an arm breaking. The increased infill of the 3D printed 
parts will make breaking parts less likely. With this information the 3D printed drone began 
testing.  
 
The testing overall went as planned. The drone was able to complete all movements and 
connect to the FPV system. The drone flight speed test came in slightly under the goal value, 
but this was due to pilot inexperience rather than inability of the drone. The drone came in at 
75% under the cost of a pre-made drone frame, while being able to complete the same courses 
that a pre-made drone is capable of. All metrics point to the drone being a success.  
 
This project meets all the requirements for a successful senior project, including: 
1. Having substantive engineering merit in applied strength and materials. 
2. Size and cost within the paraments of the Covid-19 at home situation. 
3. Preset testing requirements for consistent data collection. 
4. Portable and highly capable of competing in flight competition. 
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APPENDIX A - Analysis 




Appendix A-2 – Motor Moment Strength Analysis
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Appendix A-3 – Filament Used Analysis 
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Appendix A-4 – Lift Analysis
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Appendix A-9 – Propeller Yield Strength Analysis 
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Appendix A-10 – Dampening Analysis 
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Appendix A-11 – Propeller Placement Analysis 
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APPENDIX B – 1 Drawings 

















Appendix B – 5 Drone Arm 
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APPENDIX C – Parts List and Costs 
 
Appendix C - Parts List 
Part 
Number 
Qty Part Description Source Cost Disposition 
20-001 1 Drone Base A 3D Printer $1 Printed 11-13 
20-002 1 Drone Base B 3D Printer $1 Printed 11-13 
20-003 4 Drone Arm 3D Printer $2 Printed 11-10 
20-004 1 Drone FPV Plate 3D Printer $.5 Printed 11-11 
20-005 2 Drone Arm Support 3D Printer $1 Printed 12-4 
20-006 6 M3 x 40mm Spacer 3D Printer $1 Printed 12-29 
50-001 8 M3 x 12mm Amazon $2 Received 2-3 
50-002 8 M3 Nyloc Nut Amazon $2 Received 2-3 
50-003 12 M3 x 10mm Amazon $2 Received 2-3 
55-001 3 Dampener Amazon $5 Received 2-3 
55-002 1 Flight Controller Amazon $17 Received 2-3 
55-003 1 Motor + ESC Combo Amazon $110 Received 2-3 
55-004 1 PDB Amazon $8 Received 2-3 
55-005 1 Battery Amazon $30 Received 2-3 
55-006 4 Propeller 3D Printer $.25 Printed 1-9 
55-007 1 Transmitter/Receiver Amazon $50 Received 2-3 





APPENDIX D – Budget 
. 
 
Appendix D - Project Budget 
Item Qty Description Cost 
20-001 1 Drone Base A $1 
20-002 1 Drone Base B $1 
20-003 4 Drone Arm $2 
20-004 1 Drone FPV Plate $.5 
20-005 2 Drone Arm Support $1 
20-006 6 M3 x 40mm Spacer $2 
50-001 8 M3 x 12mm $2 
50-002 8 M3 Nyloc Nut $2 
50-003 12 M3 x 10mm $1 
55-001 3 Dampener $5 
55-002 1 Flight Controller $17 
55-003 1 Motor + ESC Combo $110 
55-004 1 PDB $8 
55-005 1 Battery $30 
55-006 4 Propeller $.25 
55-007 1 Transmitter/Receiver $50 
17 7 Labor $100 



















APPENDIX F – Expertise and Resources 
 












The design requirements are as follows: 
1. The drone must be able to reach a speed of 10miles per hour. 2. All parts must be 
under 220mm wide in order to fit on the Ender 3 printing bed. 3. Drones must have four electric 
motors that are no more than 35mm in diameter. 4. All electronics must fit inside the footprint 
of the drone. 5. The drone must be able to fly in every direction. 6. Flight must be done with 
FPV racing googles connected to the on-board camera. 7. Drones will not be flown over 400 
feet into the air, as passing this barrier can interfere with airspace safety. 8. The drone must be 
able to crash into the ground at 25% speed and stay operational. 9. All parts combined must 
take less than one role of PLA filament to remain cheap. 
Parameters of interest: 
1. Speed 
2. Compactness 






9. Cost Effectiveness 
 
Predicted performance: 
1. The drone will fly 15 mph.  
2. The drone will fit within the printed dimension. 
3. A 35mm motor will be able to run with a 4s lipo battery. 
4. All electronics will stay protected inside the footprint of the drone frame.  
5. The drone will move in all 6 directions, along with the ability to spin clockwise and 
counterclockwise.  
6. The goggles will connect to the on-board camera using an FPV transmitter and receiver 
powered by the 4s lipo battery. 
7. A 400 ft landmark will be used to stay under for a flight.  
8. The drone frame is strong enough that it will not break at 25% throttle. 




All hardware specs are tested before the first flight. The initial flight is used to test the 
connectivity to the transmitter and that the drone will stay air born. Once passed, basic 
movement is tested via the first test flight check list. In the test, each direction is independently 
tested along with the landing and takeoff arm switch.  The drone rotates counterclockwise and 
clockwise completely to test the agility. A pair of goggles are connected to the onboard video 
transmitter. This test is also used to check the goggle connection. When basic function check is 
complete, a 400-foot landmark was found and used as the upper limit to the fight height. With 
this precaution taken, the speed test is done in an open field away from any potential human 
danger. The original method for speed test was to use a speed gun. During the tests, the speed 
gun would not give accurate readings during flight. To solve this issue, two poles were set up 
exactly 3 feet apart from each other. A camera is then set up to video the drone flying between 
the two poles. The video is then analyzed to get the flight time. The distance is then divided by 
the time to get the speed of the flight. Once the speed is recorded, the time trial starts. The 
drone is flown in the official FPV time trial course 5 times. The average time is then recorded. 
Next the durability is tested. A tree is used for the crash medium. The drone is flown directly 
into the tree at 25% throttle. Once the drone survives the crash, a full run down will commence 
to check all aspects of the drone. When the drone passes the check, it will then take off and do 








Resources needed are the completed drone, several 4s batteries, a pilot and spotter, a phone 
for time and speed recording, markers for the time trial course, and the forms to collect all the 
data. All data will be put into the respective forms after the test for that form is complete.  
 
All hardware specs are tested before the first flight. The initial flight is used to test the 
connectivity to the transmitter and that the drone will stay air born. Once passed, basic 
movement is tested via the first test flight check list. In the test, each direction is independently 
tested along with the landing and takeoff arm switch.  The drone rotates counterclockwise and 
clockwise completely to test the agility. A pair of goggles are connected to the onboard video 
transmitter. This test is also used to check the goggle connection. When basic function check is 
complete, a 400-foot landmark was found and used as the upper limit to the fight height. With 
this precaution taken, the speed test is done in an open field away from any potential human 
danger. The original method for speed test was to use a speed gun. During the tests, the speed 
gun would not give accurate readings during flight. To solve this issue, two poles were set up 
exactly 3 feet apart from each other. A camera is then set up to video the drone flying between 
the two poles. The video is then analyzed to get the flight time. The distance is then divided by 
the time to get the speed of the flight. Once the speed is recorded, the time trial starts. The 
drone is flown in the official FPV time trial course 5 times. The average time is then recorded. 
Next the durability is tested. A tree is used for the crash medium. The drone is flown directly 
into the tree at 25% throttle. Once the drone survives the crash, a full run down will commence 
to check all aspects of the drone. When the drone passes the check, it will then take off and do 
another flight check to verify that all systems are still working. 
 
The precision of all measurements is based on the ability to calculate speed using a camera, and 
how fast the spotter can stop the watch when the drone starts and stops the time trial. For the 
data, three forms accompanied by video and photographic evidence make of the deliverables of 
this test report. A pre-flight check form was created for all hardware specs, such as size, weight, 
and power. A function test form was created for initial functions such as, throttle response, yaw 
and pitch response, and FPV function. A performance test form was created for speed, time, 
and durability tests. Pre-flight and function forms will only be used once unless parts are 
replaced. The performance tests will be run at least three times each for broader range of data. 
Data is presented in the three test forms as average speed and a graph of how fast you can 





For the flight check test, the drone must be able to move in every direction. The drone was able 
to do this. For the durability test, the drone had to crash into the tree at 25% throttle and still 
be able to fly. The drone was able to do this but had to have props put back into place. For the 
time trial test, the drone was able to complete the course with 25% of a beginner’s time. This 
test will continue to improve as the skill of the pilots does. To fully test the time trial capability 
of the drone, a veteran drone pilot would need to be used.  
For the speed test, the average speed of the drone was 9.8 mph. This is below the 10mph. As 
the skill of the pilot improves, the speed of the drone will as well as the pilot can take more 
advantage of the full throttle of the drone.  
In conclusion: the drone was able to pass all requirements. The pilot however was not able to 
pass the speed test. The drone is more than capable of reaching that speed however.  
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Appendix G-1: Procedure 
 
Test Procedure: Flight Check 
 
Summary 
This procedure documents the process of preforming the test flight for the 3D printed drone 
frame. This drone was built by a student for a senior project in the Mechanical Engineering 
Technology program course (MET 489). The drone is designed to hover off the ground at 
roughly 25% throttle and move in every direction. The following is the flight check information 
and procedure.  
 
Time: The test was conducted on 4-1-21 from 4:00 pm to 4:30pm in Ellensburg, WA.  There was 
15 minutes to collect and have the drone pre-flight check. After the test flight, there is a 5-
minute shut down sequence.  
Place: Alder Street Park, Ellensburg, WA. 
Required equipment includes: 
• Drone 
• Radio Receiver 
• Charged Lipo Battery 
 
Risk: Drones can cause serious harm to people and animals. They can also cause property 
damage. Eye protection is recommended. Open area with no possible hazards is necessary for 
safe flight.  
 
The test procedure is as follows: 
1) Collect equipment: 
a) Drone 
b) Radio Receiver 
c) Charged Lipo Battery 
2) Go to an open area with no hazards around. 
3) Attached battery to drone and listen for the powering on beeps. 
4) Step away from drone. 
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5) Make sure all levers are in the off position on the radio receiver. 
 
Figure 01, Receiver setup. 
6) Turn on receiver. 
a) Weight 10 seconds to connect and level. 
7) Flip the D switch to arm the drone. 
8) Move the left throttle up to 25% to make the drone airborne. 
9) Begin flight check 
a) Use the right stick up to move forwards. 
b) Use the right stick down to move backwards. 
c) Use the right stick left to move left. 
d) Use the right stick right to move right. 
e) Use the left stick left to spin counterclockwise. 
f) Use the left stick right to spin clockwise.  
10) Move the left throttle to move down slowly to zero percent. 
11) Flip the D switch to shut off the drone. 
12) Turn off the receiver. 
13) Approach the drone. 
14) Unplug the lipo battery from the drone.   
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Figure 02, Receiver Map. 
The Drone flew well and was able to complete all tasks. Flying in the wind is difficult, and more 




Test Procedure: Speed Test 
 
Summary 
This procedure documents the process of preforming the test flight for the 3D printed drone 
frame. This drone was built by a student for a senior project in the Mechanical Engineering 
Technology program course (MET 489). The drone is designed to fly at 10 mph. The following is 
the flight check information and procedure.  
 
Time: The test was conducted on 4-7-21 from 4:00 pm to 4:30pm in Ellensburg, WA.  There was 
15 minutes to collect and have the drone pre-flight check. After the test flight, there is a 5-
minute shut down sequence. The data analyses took another 10 min.  
Place: Alder Street Park, Ellensburg, WA. 
Required equipment includes: 
• Drone 
• Radio Receiver 
• Charged Lipo Battery 
• Phone to record 
• Poles to mark start and stop 
 
Risk: Drones can cause serious harm to people and animals. They can also cause property 
damage. Eye protection is recommended. Open area with no possible hazards is necessary for 
safe flight.  
 
The test procedure is as follows: 
1) Collect equipment: 
a) Drone 
b) Radio Receiver 
c) Charged Lipo Battery 
d) Phone 
e) Two poles 
2) Go to an open area with no hazards around. 
3) Set up camera. 
4) Set up two poles a known distance apart that will be in frame for the camera. 
5) Attached battery to drone and listen for the powering on beeps. 
6) Step away from drone. 
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7) Make sure all levers are in the off position on the radio receiver. 
 
Figure 01, Receiver setup. 
8) Turn on receiver. 
a) Weight 10 seconds to connect and level. 
9) Flip the D switch to arm the drone. 
10) Start camera. 
11) Fly the drone past the two poles at least three times.  
12) Flip the D switch to shut off the drone. 
13) Turn off the receiver. 
14) Approach the drone. 
15) Unplug the lipo battery from the drone.   
16) Stop the recording on the phone. 
17) Take the time it took for the drone to go between the poles and divide that by your 
known distance to get the speed.  
18) Put all data in speed form.  
 
The drone flew well but was not as fast as hoped. The average flight speed was slightly below 
the 10mph threshold, but with more pilot practice that speed can be easily reached.  
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Test Procedure: Crash Test 
 
Summary 
This procedure documents the process of preforming the test flight for the 3D printed drone 
frame. This drone was built by a student for a senior project in the Mechanical Engineering 
Technology program course (MET 489). The drone is designed to fly at 25% throttle into a tree 
to test durability. The following is the flight check information and procedure.  
 
Time: The test was conducted on 4-10-21 from 4:00 pm to 4:30pm in Ellensburg, WA.  There 
was 20 minutes to collect and have the drone pre-flight check. After the test flight, there is a 5-
minute shut down sequence. The data analyses took another 10 min.  
Place: Alder Street Park, Ellensburg, WA. 
Required equipment includes: 
• Drone 
• Radio Receiver 
• Charged Lipo Battery 
• Tree 
 
Risk: Drones can cause serious harm to people and animals. They can also cause property 
damage. Eye protection is recommended. Open area with no possible hazards is necessary for 
safe flight.  
 
The test procedure is as follows: 
1) Collect equipment: 
a) Drone 
b) Radio Receiver 
c) Charged Lipo Battery 
d) Find tree to crash into 
2) Go to an open area with no hazards around. 
3) Attached battery to drone and listen for the powering on beeps. 
4) Step away from drone. 
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5) Make sure all levers are in the off position on the radio receiver. 
 
Figure 01, Receiver setup. 
6) Turn on receiver. 
a) Weight 10 seconds to connect and level. 
7) Flip the D switch to arm the drone. 
8) Fly drone at 25% throttle. 
9) Run drone into tree. 
10) Flip the D switch to shut off the drone. 
11) Turn off the receiver. 
12) Approach the drone. 
13) Unplug the lipo battery from the drone.   
14) Stop the recording on the phone. 
15) Check the drone for damage.  
16) Put all data in speed form.  
17) Repeat test 2 more times. 
 
The Drone withstood all 3 crashes into the tree. The props got a little bent but were able to be 
pushed back into shape.  
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APPENDIX H – Resume 
 
